We present analytical and experimental demonstration of interscale mixing microscopy, imaging technique that allows imaging and spectroscopy of deep subwavelength objects with far field measurements.
The detection and visualization of subwavelength objects has numerous applications in imaging, spectroscopy, material science, biology, healthcare and security. However, resolution of conventional optical microscopes is fundamentally diffraction limited to /(2 ) [1, 2] . Although many optical techniques, based on first-order diffraction, have been demonstrated [3] [4] [5] [6] their ability to resolve non-fluorescent objects is fundamentally limited to ~λ /4 [5, 6] . In contrast to above methods, Interscale Mixing microscopy (IMM) employs diffractive elements in the near field proximity of an object to fold information from the evanescent field into the propagation zone, aiming to achieve deep-subwavelength resolution with far field measurements [7] . In this work, we report a new analytical implementation and experimental realization of IMM, demonstrating a resolution of ~ /10 [8]. The developed analytical formalism allows to simultaneously determine position, size, and spectroscopic properties of deep subwavelength objects.
Mathematically, any imaging process aims at recovering the field distribution at the location of an object based on experimental data. In IMM, the object is located in the near-field proximity of (finite) diffraction grating with subwavelength period. The far-field signal is a super-position of response of the diffractive structure and the object itself that can be adequately calculated using scalar diffraction theory. The resulting field distribution is most conveniently analyzed in the Fourier space, where it can be expressed by
with being object size, Λ being period of the grating having slits with width each, and being wavenumber component. For simplicity, here we present the results for 1D grating. The extension of the formalism to 2D objects is shown below.
The majority of optical techniques are unable to measure electromagnetic fields and instead rely on measurements of optical intensity. It can be straightforwardly shown that the far-field intensity profile has three main terms, that can be attributed to contributions from the grating (amplitude ∝ ), the object (∝ ), and interference between the two (∝ ). Importantly, it is possibly to suppress the dominant contribution from the grating by multiplying the resulting signal by sin , and thus isolating the contribution from the interference term, and providing the enhancement of the far-field signal from the object by a factor of w/ℓ. Importantly, the IMM recovery can be performed on the basis of a single measurement.
Experimental demonstration of IMM was performed with a thin gold gratings deposited on glass substrate. Two different sets samples, with periods Λ=325 nm and Λ=275 nm each having a = 25 slits with width =125 nm, were fabricated. Each sample set contained 3 structures: (1) perfectly periodic grating, (2) a grating with an absent slit in the center, and (3) a grating with a slit misplaced by ~ /4 (the defects in the gratings played the role of the small objects). The structures were illuminated by using broadband incoherent white-light illumination of 600-800nm in the Fourier spectroscopy setup which allows for simultaneous recording of wavelength-and angular-spectra of 1D objects [8] , and thus permits a far-field diffraction measurement as a function of wavelength.
The results of IMM data analysis are summarized in Fig.1 (a-f ). In these panels, the bright line at ≃ 300 reflects periodicity of the grating; while the line at / ≃ 150 provides characterization of the object. Explicitly, vertical position and shape of this line can be correlated to position and size of the object, while the relative intensity of the two horizontal lines provide the information about the spectrum of the object. An agreement between the theoretical predictions and experimental data proves that IMM is capable of characterizing ~ /10 objects with a single far-field measurement.
Finally, we illustrate the feasibility of extending the IMM implementation to 2D objects located in the proximity of finite 2D periodic diffractive structures by analyzing the IMM signatures of a single subwavelength object located inside 2D grating with rectangular holes. Schematic of the geometry is shown in Fig.1 (g) , while IMM signals of the grating with and without object (size = = 50 ) are shown in Fig.1(h,i) . It is clearly seen that IMM is capable of detecting the object. Similar to 1D case, the position, shape, and amplitude of the IMM peaks (seen in the middle of panel Fig. 1h ) can be correlated to position, size, and spectral properties of the object itself. Our analysis suggests that the IMM can be straightforwardly extended to gratings with circular or other types of openings.
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